Nb 03 (KTN) 
INTRODUCTION
A recent ultrasonic study by the present authors also revealed an unexpected elastic behavior. ' In the present paper we report the results of dielectric constant and polarization measurements in the presence of a dc-bias electric field. The purpose of these measurements was to characterize the effect of substitutional disorder on the phase transition in mixed ferroelectrics and, in particular, the dielectric nonlinearities that are expected to be strong in the presence of such a disorder.
EXPERIMENT
Two crystals (x =15.7% and 14.4%) were used in this study, both grown from the melt by a slow-cooling method. The respective concentrations were estimated on the basis of the temperature, T, , of the dielectric constant maximum. Upon inspection, the x =15.7% crystal was found to be homogeneous (no striations), whereas the x = 14.4% crystal was not. The former was consequently more thoroughly studied. Thin plates ( -1X1X0.1 cm ) were cut from these crystals for the measurements. Fresh aluminum electrodes were evaporated on both faces of the samples for each new run. Failure to do so leads to progressive detachment of the electrodes from the sample because of the strong electrostriction of the transition. This in turn results in the introduction of an extraneous series capacitance which can significantly depress the dielectric peak at T, . For these reasons, the initial dielectric data published should be ignored.
The dielectric-constant measurements were performed with a general radio capacitance bridge (model answer. This explains why we have labeled the temperature of the main dielectric peak T, ', and why we do not refer to the corresponding transition as the cubictetragonal transition.
The inset of Fig. 1 gives a magnified view of the dielectric-constant peak that reveals the cusp shape of the peak, and the flattening that results from the application of low dc-bias electric fields.
Upon cooling from room temperature, the approach to the ferroelectric transition is clearly seen in Fig. 2 Fig. 3 by the relative positions of the dielectric-constant and -loss peaks. In a normal transition, the two peaks would be found at the same temperature. Here the two peaks are separated and the peak on one curve appears to coincide with the inQection point on the other curve. The inset corresponds to the curves expected from a Debye relaxation model for the real (constant) and imaginary (loss) parts of the complex dielectric constant and is discussed later in the paper.
The application of a dc-bias electric field has two effects. First, T, is found to increase linearly with field, tending towards an upper limit at higher fields ()2.5 ' and e' ', is presented on a log-log scale plot in Fig. 6 ; both are seen to diverge in two distinct stages as (T -T, ') ". In the first stage the divergence is very strong with n-9 for e' ' and appears to be even stronger for e' '. Closer to T, *, the divergence is weaker with n =2 for both coefficients. We note that the higher exponent is subject to the choice of T, which may not be equal to T, *. However, plots obtained with different choices of T, still show a two-step divergence with a high exponent in the higher-temperature range.
For the lower range, T, * is the temperature at which e' ' and e' ' reach their maximum and the exponent of 2 is therefore considered to have a clear physical significance.
Polarization
The total polarization was measured using a compen- Eq. (2) to the data points. The 0.5-kV data point at 140 K has been corrected, based on the departure of the 0.5-kV points at the higher temperatures. the remnant polarizations are plotted in Fig. 8 as a function of temperature and for different fields along the upper branch of the loops. The remnant polarization is seen to increase smoothly from about 165 K downwards.
The inAection points for all fields occur at approximately 136.5 K, i.e. , below T, *, where the dielectric-constant peaks.
DISCUSSION
The three surprising results of the present study are the appearance of a nonzero polarization, approximately 20 K above T, , the strong and peculiar nonlinearity exhibited by the dielectric constant also from T, *+20 K downwards, and the shape and position of the dielectricconstant and loss peaks at and near T, .
The first result provides definite evidence for the appearance of stable polarized rnicroregions or cells, which can be aligned in an external electric field. Once aligned in the electric field, these cells can no longer contribute to the large susceptibility or dielectric constant, hence the explanation for the departure from a normal Curie-Weiss law. As is apparent from the reported results, this departure coincides with and is therefore probably due to the onset of a negative nonlinearity in the dielectric constant (e' '(0). The peculiarity of this nonlinearity resides in the fact that none of the exponents measured have the value that is expected from a mean-field theory. In a mean-field Landau theory, usually applicable to simple ferroelectrics, it can easily be shown that the nonlinear coefficient e' ' is related to the linear eL as e' '-eL~'. Assuming a Curie-Weiss temperature dependence for eL, the temperature dependence of e' ' is predicted to be (T -T, *) . Instead, our present results for e' ' reveal two regions with respective exponents --9 and --2, indicating a deviation from the mean-field behavior normally associated with very long-range interactions.
A possible interpretation of these results can be obtained from an analysis of the shape and position of the dielectric-constant and loss peaks at and near T, *. We shall therefore summarize the three major experimental observations on this subject. (1) The dielectric-constant peak at T, * exhibits a cusp shape (rounding off' is restricted to less than 1 K) which is significantly flattened by even moderate dc-bias fields; (2) below T, *+20 K, the dielectric constant measured in a field-cooled sample is higher than when cooled in zero field; (3) a dielectric-loss peak is observed with its maximum located on the lowtemperature side of the dielectric-constant peak at T, .
Observations (1) and (2), together with the observation of a hysteresis loop and a deviation of the susceptibility from a Curie-Weiss law for above T, *, are typical of spin glasses' with the dielectric constant replaced by magnetic susceptibility. Also characteristic of spin glasses is the strong divergence of the nonlinear coeKcients of the susceptibility. This is most certainly true of our dielectric constant in the first part of the transitional region [e' ' -(T -T, *) ]. The change over to a weaker divergence (n --2) can be logically interpreted as a departure from a pure spin (or dipolar) glass behavior due to the strain interactions between polar cells. This interpretation is supported by a recent ultrasonic study of the same crystal~In this study, we have observed, at approximately the same temperature, a strong softening of the C44 elastic constant, a departure of the C» constant to a weaker divergence, and a sharp rise in the ultrasonic attenuation.
The dynamics of the interacting polar cells can be understood on the basis of observation (3) above, namely, the relative positions of the dielectric-constant and loss peaks. The shift between the two peaks suggests a relaxation mechanism which is illustrated in the inset of Fig. 3 . In the inset, we show the normal behavior of the real and imaginary (or loss) parts of the dielectric constant, e' and e", for a Debye-type relaxation process. In particular, e' exhibits a step while e" peaks at a temperature corresponding to the midpoint of this step [cow(T)=1]. This behavior is typical of an ensemble of permanent dipoles, the motion of which is impeded by external interactions.
In the present case, the dipoles are not permanent but only appear at a temperature Td--T, *+20 K, hence the unusual rise in e' instead of the Aat high-temperature region normally observed. The low-temperature side of the e' peak, however, corresponds to the normal step in e'; thus e" peaks at a temperature which is shifted down from the peak in the dielectric constant. As expected for a relaxation, the low-temperature side of the e' peak also shifts to higher temperatures when measured at higher 
